Modified task dependent hypothesis by Leung, Chin Ho. & Chinese University of Hong Kong Graduate School. Division of Psychology.
Modified Task Dependent Hypothesis 
1 
An In-Depth Look of Phonological Processing 
in Chinese Character Recognition: 
The Effects of Task 
Chin Ho Leung 
The Chinese University of Hong Kong 
Running Head: Modified Task Dependent Hypothesis 
f 
This is the final draft of a master thesis submitted to the Psychology Department, 
Chinese University of Hong Kong by Chin-Ho Leung under the supervision of Prof. 
Hsuan-Chih Chen. 
X^S5^ 
#/^^J3iSAS ' i"'=^;rv5A 
_.:f AJ.JS.,.—;; Xa 厂。;, -—"•一.^ 
h[ m 11 L I U 
l.\ !¢::^ 
��'��cr�7'w7y 
\'‘入 ；.z%/ \ .. _ .¾ ../ -^,, , :•+.’ 
�’. z"' ‘^.….一 一 
Modified Task Dependent Hypothesis 
2 
Acknowledgments 
The main part of this study was carried out at the Chinese University of 
Hong Kong with support from a Earmarked Grants from the Hong Kong Research 
Grant Council awarded to Hsuan-Chih Chen. Part of the study was carried out at 
the Peking University with support from a research grant provided by the Max-
Planck-Institute fur Psycholinguistik awarded to Givoanni B. Flores d'Arcais. 
I would like to express my deepest gratitude to my supervisor Hsuan-Chih 
Chen for his heart-devoting guidance and advise throughout these years. In 
addition, I would also like to thank Givoanni B. Flores d'Arcais on the design of the 
study and Marcus Taft on the interpretation of the findings. I am especially grateful 
to Agnes Chan, Catherine McBride and Marcus Taft who help to review the draft. 
My colleagues, Michael Yip, Shu Fai Cheung, and Siu Lam Tang, were generous in 
their advice and encouragement. 
My thanks also go to Candy Yip, Ching Yee Chow, Doris Chan, Hong Li, 
Nga Yan Chan, Tze Chau Chiu and Yau Man Fung for their assistance at all levels 
in the preparation of the experiments. 
Modified Task Dependent Hypothesis 
3 
Abstract 
A Modified Task Dependent Hypothesis is introduced in the present study to 
provide a different perspective to understand the role of phonological processing in 
Chinese character recognition. The hypothesis suggests that variations in the 
stimulus environment and in the response requirement of an experiment will 
influence the degree of phonological involvement and the magnitude of the 
phonological effects. In Experiments la and lb, we manipulated the stimulus 
environment by changing the number of stimuli presented to subjects in a 
categorization task and the results showed that the phonological effects varied 
accordingly. In Experiments 2a，2b，2c and 2d，we manipulated the response 
requirement of an experiment by instructing subjects to give different responses to 
the same set of target characters. When subjects were asked to read aloud the 
characters, there was very early phonological priming. However, when subjects 
were asked to make semantic judgments about the characters, delay and marginal 
phonological priming was observed. These results are in line with the modified task 
dependent hypothesis, which suggests that phonological processing in Chinese 
character recognition is a matter of degree of involvement, but not an all-or-none 
question. 
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Introduction 
Do sound or pronunciation of words influence the identification of printed 
words? This question has been the focus of reading research for decades and the 
hypothesis which suggests that phonology plays a role in word recognition has been 
confirmed and disconfirmed many times (see Carr & Pollatsek，1985; McCusker, 
Hillinger, & Bias，1981 for reviews). Different names have been used in labeling 
the debate and the most frequently used names are "phonological recoding", 
"phonological mediation", and "automatic phonological activation" (e.g. Jared & 
Seidenberg; 1991，McCusker, Hillinger, & Bias，1981; Van Orden, 1987). Though 
there is variation in the choice of names, most researchers are concerned about a 
single issue only, that is, whether phonology plays a dominant role in word 
recognition. Earlier researchers suggested that phonology plays a mediation role in 
word recognition process (Rubenstein, Lewis, & Rubenstein，1971; Spoehr & 
Smith, 1973). Word recognition in reading is thought to be a process which 
transforms spelling to sound and then maps sound to meaning in skilled adult 
normal reading (Carr & Pollatsek，1985; McCusker et. al., 1981). In contrast, 
some researchers claimed that the phonological route is not the only way to gain 
access to the mental lexicon. Rather, the lexicon is accessed via the visual route 
directly (Becker, 1976, 1980; Brown, 1987; Johnson, 1975). In subsequent 
research, both the "phonological mediation" view and the "direct access" view have 
gained considerable evidence to support their own positions. The debate was not 
resolved and some theorists began to propose various "dual-route" models to 
integrate different findings (Coltheart, 1978，1980; Coltheart, Davelaar, Jonasson, 
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& Besner, 1977; McClelland & Rumelhart，1981，1985; Seidenberg & McClelland， 
1989). A typical dual-route model includes both a phonological route and a visual 
route, and the mental lexicon can be assessed by both phonological mediation and 
direct access. However, different dual-route models differ in the relative time 
course of the two routes. Some have assumed the phonological route to be slower 
(e.g. Coltheart, 1978; McCusker et. al.,1981) while some have assumed the speed 
of both routes are more or less the same (e.g. McClelland & Rumerlhart，1981, 
Perfetti, 1985). 
The Rise of “Phonological Dominance” View 
In the seventies, the best known evidence for the "phonological mediation，， 
view came from lexical decision experiments. In these experiments, subjects are 
asked to judge whether a letter string is a word or not. When the letter string is a 
pseudohomophone, such as DYME, subjects take more time to correctly reject it 
than when the letter string is a control non-word. Rubenstein, Lewis, & Rubenstein 
(1971) argued that DYME activates the phonological representation of /DIM/, 
which in tum activates the semantic representation for the word DIME. Therefore, 
subjects take longer to reject the pseudohomophones. In the literature, this kind of 
evidence has been heavily cited in support of the "phonological mediation，，view. 
However, there are two methodological flaws in these experiments which may 
undermine the validity of this interpretation. First, the pseudohomophone effect is 
observed on “no，，trials and the response times are generally slower than the "yes" 
responses. With longer response time, subjects may have engaged in post-lexical 
processing and the effect of phonology may be a post-lexical phenomenon, rather 
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than an outcome of pre-lexical phonological mediation. The second problem 
concerns the ecological validity of the lexical decision task. In normal reading, 
understanding is the primary goal. But in the lexical decision task, subjects do not 
need to access the semantic information in judging the lexicality of the stimulus and 
therefore the generalization power of these experiments is in question. 
Recently, Van Orden and his colleagues (1987，1988) avoided the above 
methodological problems and argued in favor of the traditional position that the 
mental lexicon is assessed through the phonological route by conducting a series of 
experiments using a different task, known as "categorization". In a typical 
categorization task, subjects are asked to decide whether a target word (e.g. 
TULIPS, ROWS, or ROBS) belongs to a given category name (e.g. A FLOWER). 
For a target word which is not a member of the category, the correct answer should 
be “no”. The key data come from the situation in which the target word happens to 
be a homophone of a true member of the category (e.g. "ROWS" for "A 
FLOWER"). These target words are called homophone foils. Van Orden (1987) 
found that college students very often incorrectly accept the homophone foil as a 
true member of the given category and commit a false positive error. Such 
evidence suggests that the use of phonology is automatic and mandatory, even for 
skilled readers. However, proving skilled readers automatically activate 
phonological representations during reading does not imply that phonology mediates 
in word recognition. There is a possibility that phonology is activated as an 
outcome of lexical access only. To further clarify the role of phonological 
activation in word recognition. Van Orden and his colleagues (1988) conducted a 
another study to examine whether phonological representation is activated before or 
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after semantic access. They compared the false positive rate of word homophone 
foils and non-word homophone foils and their respective controls. Non-word 
homophone foils do not have meaning (like BRANE) and therefore their 
phonological codes cannot be activated by semantic information. If phonological 
activation really occurs post-lexically, then subjects should be able to reject the non-
word homophone foils very quickly. However, they found that even the non-word 
homophone foils were frequently miscategorized by skilled readers. On the basis of 
such evidence, they concluded that phonological activation occurs before semantic 
access and it mediates in word recognition. Furthermore, phonological mediation is 
said to be fundamental to reading because the phonological route is relatively “noise 
free，，when compared with the visual route (see Van Orden, 1991，for a more 
elaborated discussion). 
The Universal Principle of Phonological Processing 
After twenty years of research, phonological mediation is believed to be 
fundamental in reading alphabetic languages like English (e.g. Perfetti, Bell, & 
Delaney, 1988; Van Orden, 1991). Furthermore, researchers are now extending the 
"phonology dominance，，view to other languages and they want to know whether 
phonological involvement is an universal characteristic of written language 
processing (e.g. Perfetti & Zhang，1991，1995). Hence, a great number of cross-
language researches have been conducted to examine the role of phonology in other 
languages like Arabic, Japanese, and Chinese (e.g. Bentin & Ibrahim，1996; Chen, 
Flores d‘Arcais，Cheung, 1995; Leck, Weekes & Chen，1995; Tan, Hoosain, & 
Peng，1995; Wydell, Patterson, & Humphreys，1993). Many theories were 
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developed to account for the results found in these studies and one of the most 
important theories was Perfetti and Zhang's (1991) Universal Principal of 
Phonological Processing. According to this principle, the involvement of 
phonological processing in word recognition is a universal feature and, therefore, 
the phonological effect should be observed no matter each language one is studying: 
"The unique characteristics of a language or writing system can affect the 
details of phonological processing only, but not its occurrence." 
(Perfetti & Zhang，1995, pp. 24). 
The best evidence for this Universal hypothesis comes from studies which 
examine the role of phonology in reading non-alphabetic languages like Chinese. 
Ancient Chinese characters were designed to represent objects and events directly, 
rather than to represent speech sounds. Following this line of development, the 
modem Chinese characters generally represents lexical morphemes and are 
logographic in nature. Although the intemal structure of these characters may 
provides some hints about the pronunciation, these cues are not very reliable in most 
circumstances (e.g. Law & Caramazza，1994). Based on such linguistic arguments, 
many psychologists suggested that phonology does not play a role in reading 
Chinese characters and the visual route is said to be more prominent in Chinese 
character identification (see Baron & Strawson，1976; Barron, 1978; Wang, 1973). 
Meanwhile, Perfetti and Zhang (1991) proposed that the Chinese language provides 
the ideal opportunity to exam the universal hypothesis. This is because phonology 
should plays no role in the identification of Chinese characters in principle, and if 
there is evidence which suggests the existence of phonological processing in reading 
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Chinese, then such evidence will be strong support for the universal principle of 
phonological processing. Very recently, a substantial number of studies have been 
conducted by various psychologists and linguists to examine the issue. However, 
there is little consensus regarding the role of phonology in reading Chinese because 
there exist several contradicting results and, thus, a careful and detail evaluation of 
the existing evidence is necessary before any integration and conclusion can be 
drawn. 
In supporting the universal hypothesis, Perfetti and Zhang (1991，1995) 
employed various tasks to study the role of phonology in reading Chinese. In their 
pioneering study, the forward priming paradigm was used in conjunction with 
naming and character identification, and phonological priming effects were observed 
in some circumstances (Perfetti & Zhang, 1991). Very recently, they realized that 
the above results lack ecological validity because these tasks do not require subjects 
to access semantic information, while understanding should be the primary goal of 
reading (Perfetti & Zhang，1995). To solve such methodological problems, they 
carried out another study to address the issue using a synonym judgment task and a 
homophone judgment task. Phonological interference was observed in synonym 
judgment while semantic interference was observed in homophone judgment. On 
the basis of such findings, they suggested that phonological processing is a universal 
feature of reading and phonological activation is part of Chinese character 
identification (Perfetti & Zhang, 1995). Other evidence which supports the 
universal hypothesis came from traditional methods. For instance, the lexical 
decision task was employed by Cheng (1992). Phonological priming effects were 
found in his study and such effects were independent of the primes' exposure 
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duration. He argued that these priming effects are an indication of pre-lexical 
phonological activation. That is, visual information activates the corresponding 
phonological representation, which, in tums, activates the semantic representation 
for the character. 
The results, from Perfertti and colleagues and from Cheng are consistent 
with the universal principle of phonological processing. These results demonstrate 
the role of phonology in Chinese character recognition. However, some caution is 
warranted with in drawing such conclusions because there still exist a considerable 
amount of evidence against the "phonology dominance" view. This negative 
evidence comes from a wide variety of tasks. For example, Zhou (in press) 
employed the lexical decision task as well as the naming task in addressing the 
issue. Five experiments with various phonological manipulations were conducted, 
but no persistent phonological effect was reported in any of these experiments. In 
addition, Chen, Flores d'Arcais and Cheung (1995) employed the categorization 
paradigm and they found that subjects seldom miscategorize the homophone foils as 
correct category exemplars of the given category. The false positive rate was non-
significant when compared with the controls and it was below 5 %. Such figure aare 
drastically low when compared with the 20% false positive rate in reading English 
words (see Jared & Seidenberg，1991; Van Orden, 1987; Van Orden et. al., 1988; 
Verstaen et al., 1995). On the other side, the effects of graphic manipulations were 
shown in nearly every study which examined the contribution of the direct visual 
route (see Chen et. al., 1995; Leck, Weekes, & Chen，1995; Perfetti & Zhang， 
1991，1995; Tan, Hoosain, & Peng，1995; Zhou, in press). Taken together, this 
negative evidence has lead some researchers to conclude that phonological activation 
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does not play an important role in reading Chinese and they suggested that 
phonological processing is neither automatic nor mandatory. Rather, the mental 
lexicon is accessed predominantly via the direct visual route in skilled adult normal 
reading (e.g. Chen et. al., 1995; Leck et. al., 1995). 
The Task Dependent Hypothesis 
Inconsistent results have been obtained in studies which addressed the role of 
phonology in Chinese character recognition. Both the "phonological dominance" 
view and the "direct access，，view are substantially supported. To provide a new 
framework in understanding these inconsistent results, Chen and his colleagues 
(1995) proposed a Task Dependent Hypothesis which suggests that the extent to 
which phonological processing is involved in Chinese character recognition is 
subject to variation in the cognitive demands of the specific experimental 
environment. Specifically, if the experimental procedure requires readers to use 
phonology, then the degree of phonological involvement will be increased and it is 
more likely that researchers will obtain phonological effects in these cases. Typical 
examples of this type of tasks include naming and homophone judgment. On the 
other hand, if the experiment does not require the use of phonology, then the degree 
of phonological involvement will be decreased and it is less likely that phonological 
effects will be obtained in these circumstances. Examples include lexical decision, 
categorization and synonym judgment (Leung, Chen, & Tang，1995, 1996). The 
proponents of the task dependent hypothesis have raised serious doubts about the 
evidences provided by the universalists. This major criticism is that those studies 
have overwhelmingly relied on tasks which require subjects to respond on the basis 
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of phonological information. The phonological effects observed in these 
circumstances were said to be artifacts of the experimental procedures, but not 
indications of automatic phonological activation in normal reading. They argued 
that the activation of phonological representation is optional and is dependent on 
specific cognitive demands imposed by the tasks. 
Although this task dependent hypothesis has provided an insightful 
perspective in studying the question, there still exist a number of findings in the 
literature which contradict its predictions. According to the proponents of the task 
dependent hypothesis, lexical decision, character identification and semantic 
judgment are experimental tasks which do not require the use of phonological 
information. If phonological involvement is really optional and subject to specific 
task demands, then phonological effects should not be found in these tasks. The 
results in the literature tum out to be contradictory to these predictions. Some 
studies have showed the presence of phonological effects while some could not find 
any effect even though the same experimental paradigm was employed. For 
example, Cheng (1992) found phonological priming effects in the lexical decision 
task but Zhou (in press) did not. Tan and his colleagues (1995) found phonological 
effects in the backward masking paradigm but Perfetti and Zhang (1991) did not. 
Given the same experimental task, very different results were obtained. Clearly, 
these findings cast serious doubts concerning the explanatory power of the 
hypothesis. 
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The Modified Task Dependent Hypothesis 
It seems that a re-formulation of the task dependent hypothesis is inevitable. 
In the present paper, we introduce the Modified Task Dependent Hypothesis and 
carried out a series of experiments to examine its applicability in explaining the role 
of phonological processing in Chinese character recognition. In fact, the modified 
hypothesis is a continuation of the previous one because it also assumes that the 
extent to which phonological processing is involved in Chinese character recognition 
is subject to variation in the cognitive demands imposed by different experimental 
procedures. The major difference between the two is that the modified task 
dependent hypothesis is more specific in delineating the effects of different 
components in the experimental procedure. An experimental procedure consists of 
different components and each component may imposes certain cognitive demands 
on readers. In a typical experiment, a stimulus is presented first and subjects have 
to make appropriate responses. Therefore, the major components in an experiment 
are STIMULUS and RESPONSE. Because STIMULUS and RESPONSE are the 
two main components of an experiment, variation in these components may exert 
different cognitive demands on readers and affect the extent to which phonological 
processing is involved. Therefore, it is worthwhile to examine the effects resulting 
from variations in the stimulus environment and response requirements. 
Stimulus environment refers to the manner by which stimuli are presented 
and the number of stimuli presented in the whole experimental trial. In some 
studies, the stimulus environment is close to normal reading (see Van Orden, 1987; 
Van Orden et. al., 1988; Leck et. al., 1995). From these, we believed that subjects 
will adopt a more natural processing strategy and thus the results found in these 
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studies tend to have better ecological validity. However, if the stimulus 
environment is very different from normal reading, then subjects may consciously 
or unconsciously engage in other processing strategies and it is inappropriate to 
generalize such findings to normal reading (e.g. Cheng, 1992). For example, 
subjects are required to respond to one character in the categorization task but they 
have to respond to two simultaneously presented characters in the synonym 
judgment task. Clearly, the synonym judgment task has placed a heavier load on 
working memory. Subjects have to retain the information of two characters in 
working memory, make comparisons, and reach a decision. In such a situation, 
subjects may consciously or unconsciously activate the corresponding phonological 
representations because phonological codes tends to endure longer in working 
memory (Baddeley, 1986; Gathercole & Baddeley，1993). If this is the case, then 
the phonological effects found in such experiments are just artifacts of the 
experimental procedure, but not an indication of automatic and mandatory 
phonological activation. 
Response requirement refers to the type of representations required in 
making a response in the experiment. Different experimental tasks may demand 
that subjects activate different kinds of representations. For example, the naming 
task requires one to activate the phonological representation of the target character 
and vocalize the answer. Hence, phonological activation is a must in this task and it 
is not surprising to find phonological effects in this case. On the other hand, the 
lexical decision task requires one to recognize the orthographic structure of the 
character and judge whether it is a legal character. Similarly, the character 
identification task also requires one to recognize the visual configuration of the 
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target character, to retain it and write it down afterwards. Hence, graphic coding is 
the key of success in these tasks and phonological activation is not necessary in 
principle. Following the above discussion, it seems that different representations 
are required in different tasks and the degree of phonological involvement may also 
varied, and, therefore phonological effects may be observed in some occasions but 
not in others. 
The Present Study 
Two sets of experiments have been conducted in this study to examine the 
applicability of the modified task dependent hypothesis. The first set of experiments 
(Experiments la, lb) was conducted to examine the effects of stimulus 
environment. In these experiments, subjects were asked to make semantic 
judgments under various conditions and the number of stimuli were manipulated and 
we examined the extent to which there are different degrees of phonological 
involvement. In the second set of experiments (Experiments 2a, 2b，2c, & 2d)，we 
investigated the effects of response requirement. With the same set of target 
characters and experimental procedure, subjects were asked to read aloud the 
characters on some occasions and to make semantic judgment in others. Since 
different representations are demanded in these different tasks, the degree of 
phonological involvement and the magnitude of the phonological effects are 
expected to vary accordingly. In sum, if the modified task dependent hypothesis is 
correct in suggesting that variations in stimulus environment and response 
requirement can influence the magnitude of the phonological effects, then the role 
of phonological processing in Chinese character recognition is a matter of degree of 
Modified Task Dependent Hypothesis 
16 
involvement (but not an all-or-none question) and in the future, we should re-direct 
our research efforts to delineate the mechanism involved, such as the function of 
phonological activation in reading Chinese and its relation with various reading 
strategies. 
Experiments la and lb 
-Testing the effects of stimulus environment 
To what extent does the stimulus environment of an experiment can 
influence the magnitude of the phonological effects? This is the major question to 
be addressed by the first set of experiments. As said before, stimulus environment 
refers to the manner by which stimuli are presented and the quantity of stimuli 
presented in the whole experimental procedure. Stimulus environment may imposes 
certain cognitive demands on subjects and such demands can be manipulated by \ 
] 
changing (1) the amount of information and (2) the presentation duration. If a large 
amount of information is presented within a short period of time, it will impose a ‘ 
I 
heavy loading on working memory and encourage the use of phonological codes 
(because they are more resistant to decay and interference in working memory). 
Our first set of experiments was designed on the basis of the above reasoning. In 
Experiment la, subjects were asked to make semantic judgment to one character. 
Because there is only one target character, subjects need not keep a large amount of 
information in their working memory and therefore, the use of phonological codes 
may not be necessary, thus a low degree of phonological involvement (phonological 
effects) was expected. In Experiment lb, we increased the loading on working 
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memory and subjects were asked to make semantic judgments to two simultaneously 
presented Chinese characters, and a higher degree of phonological involvement was 
expected. 
Experiment la (Single Character Categorization) 
The experimental paradigm employed in the first experiment was the genuine 
categorization task employed by Van Orden and his colleagues (1987，1988). 
Categorization was chosen because this task requires subjects to gain access to the 
semantic information. Therefore, the ecological validity is better safeguarded. 
Because we attempted to minimize the loading on subjects' working memory, only 
one target character was presented in each trial and subjects had to judge whether it 
was a true member of the given category. The key data come from the homophone 
foils (target characters which are homophonic to a true member of the category). If 
phonological processing is involved, then subjects may miscategorize the 
homophone foils as correct category exemplars and commit a false positive error. 
In addition, we also introduced some graphic foils in the experiment to examine the 
contribution of the direct visual route. The graphic foils were graphically similar to 
the category exemplars. If the direct access route is more prominent in Chinese 
character recognition, then a higher false positive rate would be observed for the 
graphic foils. 
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Method 
Subjects. Twenty-three Peking University undergraduate students participated 
in the experiment. All were native speakers of Mandarin (Putonghua) with normal 
or corrected-to-normal vision. 
Apparatus. Stimulus presentation and response measurement were controlled by 
an AST Premium Exec 386SX/20 computer. The stimuli were presented on a dual-
scan monitor and it was located within 50cm of the subjects' viewing distance. 
Each character subtended about 1.15 degrees of visual angle in width and was about 
1.49 degrees in height. 
Stimuli. A category name and a character were displayed to subjects in each 
trial. There were 102 target characters, which include 34 homophone foils, 34 
graphic foils and 34 control foils. These target characters were not true members of 
the given category and the correct response for each should have been “no，，. 
However, these target characters shared some features with the category exemplars 
which may have lead subjects to commit a false positive error, that is, incorrectly 
identify the target character as a true member of the given category. For instance, 
the homophone foils shared the same pronunciation with the category exemplars 
while the graphic foils shared similar visual configuration with them. However, the 
control foils shared neither phonological properties nor graphic properties with the 
category exemplars. These three types of target characters (homophone foils, 
graphic foils and control foils) were matched as closely as possible in construction 
complexity and in occurrence frequency (Hong Kong Education Department, 1986). 
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In addition to the target characters, there were 96 fillers and 20 practice items. 
Figure 1 illustrates some material for this experiment. 
Foils  
Category Name Exemplar Graphic Homophone Control 
顏色 綠 緣 濾 慧 
猛獸 獅 獄 詩 奧 
Figure 1. Examples of category names and different types of foils. 
The whole set of materials was divided into four blocks and each block 
contained the same number of target items and fillers. The order of the blocks was 
counterbalanced by the Latin square scheme and the order of the items within each 
block was randomized for each subject. There were 20 practice trials and 188 
experimental trials for each subject. The critical trials include the 34 homophone 
foils, 34 graphic foils and 34 control foils. 
Procedure. The procedure in this experiment was as follow: Each trial began 
with the presentation of a category name for two seconds, the category name was 
followed by a star which served as a fixation point. The fixation point was then 
replaced by a target character, which remained on the screen for 500 ms and was 
then replaced by a pattem mask which was constructed by overlapping of random 
segments. Subjects were instructed to read the category name silently and then look 
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at the fixation point. Upon the presentation of the target character, subjects had to 
judge whether it is a member of the given category by pressing response keys as 
rapidly and as accurately as possible. No feedback concerning speed or accuracy 
was given. 
Results 
The mean false positive rates (error rate) and RTs for correct responses were 
calculated separately across subjects and items, and each data set was subjected to a 
separate analysis of variance. The mean false positive rates and RTs averaged over 
individuals for each of the four conditions are shown in Table 1. 
Table 1 
Mean Response Times andFalse Positive Rates as a Function of Foil Type in the Single-Character 
Categorization Task (Experiment la) 
Foil type Response time (in ms) False positive rate 
Graphic foils 695 16.8% 
Homophone foils 663 9.4% 
Control foils 661 4.2% 
The ANOVA test of the false positive responses (error rates) indicated a foil 
type effect, significant for the subject analysis F(2, 44) = 21.38，p < 0.01 and for 
item analysis F(2, 46) = 9.79，p < 0.01. Furthermore, post-hoc comparisons 
suggested that the false positive rate for the homophone foils was significantly 
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differed from the control foils, HSD = 3.44，p < 0.01 and the false positive rate 
for the graphic foils also differed from the control foils, HSD = 3.44，p < 0.01. 
The analysis of reaction times showed a foil type effect, significant for the 
subject analysis F(2, 44) = 5.22, p < 0.01，and for item analysis F(2, 46) = 3.41， 
p < 0.05. However, post-hoc comparisons showed that the RTs for homophone 
foils did not differ from the control foils while there was a significant difference 
between RTs of the graphic foils and the control foils (p < 0.05). 
Experiment lb (Double Characters Categorization) 
A modified categorization task was employed in this experiment and subjects 
were asked to make semantic judgments about two characters. They had to decide 
whether both characters were members of the given category and the phonological 
similarity of the two characters was manipulated. Some of the stimuli pairs were 
homophones while some pairs were phonologically unrelated. Because the two 
characters were simultaneously presented and quick responses were required, this 
procedure imposed a heavier demand on the use of working memory and therefore 
we expected to find a higher degree of phonological involvement. In addition to the 
above phonological manipulation, we also investigated whether there was any 
difference between the correct “yes，，responses and the correct “no，，responses. In 
half of the trials, both of the target characters belonging to the given category name 
and the correct responses should have been “yes，，. In half of the trials, only one 
character belonged to the category and the correct responses should have been “no，，. 
If there was a high degree of phonological involvement in this semantic 
categorization task, then persistent phonological effects should have been observed 
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and should have been independent of the type of response (no matter it is a "yes" 
response or a "no" response). 
Method 
Subjects. Twenty-four Peking University undergraduate students participated in 
the experiment. All were native speakers of Mandarin (Putonghua) with normal or 
corrected-to-noraial vision. 
Materials. There were twelve target characters in this experiment and they were 
true members of the given category. These target characters were paired up with 
different characters and became four different experimental conditions. In the four 
experimental conditions, two variables were manipulated, namely, phonological 
similarity and semantic similarity. Therefore, it was a 2 x 2 design. Specifically, 
in one-fourth of the trials, the two characters were homophones and both of them 
were exemplars of the same category. In one-fourth of the trials, the two characters 
were phonologically dissimilar but they were exemplars of the same category. In 
one-fourth of the trials, the two characters were homophones but they were not 
exemplars of the same category. In one-fourth of the trials, the two characters were 
phonologically dissimilar and they were not exemplars of the same category. 
The stimuli in these four conditions were matched as closely as possible in 
graphic similarity and in occurrence frequency (Hong Kong Education Department, 
1986). In addition to the target trials, there were 48 fillers and 8 practice trials. 
The whole set of material was divided into four blocks. Each block had the same 
number of target items and fillers. The order of the blocks was counterbalanced by 
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the Latin square scheme and the order of the items within each block was 
randomized for each subject. Figure 2 illustrates the material for this experiment. 
Yes Response No Response 
Category Name Phonologically Phonologically Phonologically Phonologically  
similar dissimilar similar dissimilar 
鳥類 鷹 鸚 鷹 燕 鷹 英 鷹 複 
昆蟲 螢 蠅 螢 蚊 螢 迎 螢 疏 
Figure 2. Examples of category names and different types of target pairs. 
Procedure. The apparatus was exactly the same as that employed in Experiment 
la. Each trial began with the presentation of a category name for two seconds. The 
category name was followed by two stars which served as fixation points for 500 
ms. These stars were then replaced by two simultaneously presented target 
characters, which remained on the screen for 500 ms and were replaced by two 
pattem masks immediately. Subjects were instructed to read the category name 
silently and then look at the fixation points. Upon the presentation of the target 
characters, subjects had to judge whether both of the characters were members of 
the given category by pressing keys as rapidly and as accurately as possible. No 
feedback concerning speed or accuracy was given. Basically, the procedure in this 
experiment was exactly the same as the one used in Experiment la with the 
exception that two characters were presented, instead of one. 
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Results 
As in the previous experiment, the mean error rates and RTs for correct 
responses were calculated separately across subjects and items, and each data set 
was subjected to a separate analysis of variance. The mean error rates and RTs 
averaged over individuals for each of the four conditions are shown in Figure 3. 
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Figure 3. Mean RTs and error rates for different types of target pairs. 
The analysis of the error rates showed a main effect of phonological 
relatedness, significant by subjects, F(1, 23) = 13.31，p < 0.01 andby items, F(1, 
11) = 12.67, p < 0.01 and a main effect of semantic relatedness (“yes，，responses 
versus ‘‘no，，responses), significant by subjects, F(1, 23) = 10.83，p < 0.01 but 
not by items. The interaction effect between phonological relatedness and semantic 
relatedness was non-significant. 
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The analysis of the response times showed a main effect of phonological 
relatedness, significant by subjects, F(1, 23) = 11.06, p < 0.01 and marginally 
significant in item analysis, F (1，11) = 3.47，p = 0.09. The main effect of 
semantic relatedness was not significant in both subject analysis and item analysis. 
The interaction effect between phonological relatedness and semantic relatedness 
was also non-significant. 
Discussion 
The first set of experiments was conducted to examine the influence of 
stimulus environment on the magnitude of phonological effects in Chinese character 
recognition. In this set of experiments, we manipulated the amount of information 
in the stimulus environment by changing the number of target characters to be read 
by subjects. In Experiment la, subjects were asked to make semantic judgment to 
one single character and the loading on working memory was expected to be 
relatively low. The results showed a phonological effect on the false positive rates 
(error rates) but no effect was found on the response times. In Experiment lb, we 
increased the loading on working memory by asking subjects to make semantic 
judgment to two simultaneously presented characters, and the results showed the 
presence of phonological effects on both error rates and response times. Note that 
the experimental procedures in these two experiments were basically the same and 
the only difference was the amount of target information being given. When the 
stimulus environment provided less information, a phonological effect was found in 
the error rates (false positive rates) only, which indicates a small degree of 
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phonological involvement in the single character categorization task. When more 
information was provided by the stimulus environment, phonological effects could 
be found in both error rates and response times, which implies a higher degree of 
phonological involvement. These results provide evidence in support of the 
modified task dependent hypothesis, which suggests that variation in the stimulus 
environment in an experiment may influence the degree of phonological 
involvement and the magnitude of the phonological effects. 
In Experiment la, we also investigated the relative contribution of the direct 
access route and the phonological route. Homophone foils and graphic foils were 
presented in the experiment and we compared the false positive rates of these 
different conditions. The results showed that subjects very often misidentifed the 
graphic foils as the category exemplars and the false positive rate was 17%. On the 
other hand, the false positive rate for the homophone foils was relatively low (9% 
only). Such comparison implies that the direct visual route is more prominent in 
Chinese character recognition processes and the phonological route plays a relatively 
less important role here. This conclusion is consistent with the majority of findings 
in the literature (e.g. Chen et. al., 1995; Leck et. al., 1995; Zhou, in press) and 
further support can be found if we compare the results in this experiment with the 
results obtained from the English version categorization. Van Orden's (1987) 
conducted a similar experiment to examine the role of phonological activation in 
reading English and his results showed a false positive rate of 18.5% for the 
homophone foils. This figure is drastically higher than the 9% false positive error 
in the Chinese version. Taken together, this convergent evidence suggests that the 
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phonological route plays a less important role in Chinese character recognition when 
the stimulus environment does not impose a heavy cognitive demand on subjects. 
In Experiment lb, we also investigated the directions of the phonological 
effects because such analysis might give us more insights concerning the functions 
of phonological processing in Chinese character recognition, especially when there 
is a heavy load on working memory. Early researchers claimed that phonological 
processing may occur in two different stages of the reading process, namely lexical 
access and working memory (see Hung & Tzeng，1981 for review). First, 
phonological information may be used in the access of semantic information. 
Phonological activation can facilitate the word recognition process by acting as a 
way station between the graphic representation and the semantic representation. 
Specifically, the activation of the graphic codes will lead to the activation of the 
phonological codes, which, in tum, leads to the activation of the corresponding 
semantic codes. If this is the case, then reading the first character in the present 
experiment would help the identification of the second character because they shares 
the same pronunciation in half of the critical trials. On the basis of such reasoning, 
we expected to find a phonological facilitation effect in the present experiment. 
Secondly, phonological processing may occur after the semantic activation and 
facilitate the retention of information in working memory. Previous research has 
demonstrated that phonological codes tend to be less vulnerable to decay and 
interference in working memory (Baddeley, 1986; Gathercole & Baddeley，1993). 
Therefore, phonological representations may be activated in working memory for 
the purpose of better retention. However, memory codes will interfere with one 
another in working memory and the closer the similarity between the two codes, the 
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Stronger the interference. The two target characters in half of the critical trials were 
homophones and thus their phonological representations were the same. Therefore, 
there may be a strong interference between the codes of the two target characters 
which results in poorer retention (see Chen & Juola，1982 for a detailed description 
of this phenomenon). Therefore, an interference effect is expected in the present 
experiment if phonological processing occurs in working memory. Taken together, 
phonological facilitation effects should be observed if phonological processing 
occurs in lexical access and interference effects should be found if phonological 
information is used in working memory. In our results, negative phonological 
effects were found in the response times as well as in the error rates, and such 
effects were independent of the response type ("yes" or "no" responses). These 
persistent interference effects were indications of phonological involvement in 
working memory and we concluded that phonological information is employed to 
facilitate better retention in working memory, especially when the task requires 
subjects to retain a large amount of information. On the other hand, the absence of 
a facilitation effect in this experiment does not directly lead to the conclusion that 
phonological processing is not involved in lexical access because there is still a 
possibility that phonology is involved in lexical access but the effect is too small to 
be measured. 
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Experiments 2a and 2b 
• Testing the effects of response requirement 
To what extent does the response requirement of an experiment influence the 
magnitude of the phonological effects? This is the major question to be addressed 
by the second set of experiments. As said before, response requirement refers to 
the type of representations being required in making a response in an experiment 
and the most commonly mentioned representations in the literature are orthographic 
codes, phonological codes and semantic codes. In some experiments (like naming 
and homophone judgment), subjects have to rely on phonological information in 
order to give correct responses and therefore the existence of phonological effects in 
such studies is not surprising. In fact, the response requirement of an experiment 
can be manipulated by asking subjects to make different types of responses with the 
same set of target materials and the same experimental procedure. For example, 
one can change the response requirement of a naming experiment by asking subjects 
to make semantic responses to the same set of materials. Our second set of 
experiments was designed based on the above reasoning. In Experiment 2a， 
subjects were asked to read aloud a set of target characters which were preceded by 
primes. Because this naming task requires subjects to activate the phonological 
representations of the target characters and vocalize the answer afterwards, a high 
degree of phonological involvement is expected. In Experiment 2b, we changed the 
response requirement by asking subjects to make a semantic judgment to the same 
target characters which were also preceded by the same set of primes. A category 
name was given to the subjects before each trial and subjects had to judge whether 
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the target character was a member of the category. Because semantic information is 
the key to success in this task and phonological information is not useful in 
principle, a low degree of phonological involvement is expected. 
We also manipulated another variable in this set of experiments, "Degree of 
Homophony，，. Degree of homophony is defined as the number of homophones 
shared with a particular character. The more homophones a character possessed, 
the higher the degree of homophony. We included this variable in the present study 
because Chinese characters typically have many homophones. According to our 
survey, for the most frequently used 500 characters in Mandarin, each character has 
more than six homophones on average. In Cantonese, the high frequency characters 
have more than four homophones on average. Because Chinese characters generally 
have a large number of homophones, some researchers have argued that the 
activation of phonological representations in the character recognition process will 
also lead to the activation of the corresponding homophones (Leung, et. al., 1995, 
1996). This may result in interference among the homophones and therefore the 
phonological effect will be attenuated or eliminated. The absence of the 
phonological effect in some studies does not necessarily imply that phonological 
processing does not occur in such experimental situations. Rather, it may be an 
outcome of interference among homophones. 
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Experiment 2a (Naming) 
Method 
Subjects. Thirty-six undergraduates form the Chinese University of Hong Kong 
participated in the experiment. All were native Cantonese speakers. Cantonese is 
one of the most popular dialect in southem China and previous research have 
demonstrated that the results obtained from Cantonese speakers are comparable to 
those obtained from Mandarin speakers, e.g. the prominence of graphic effect in 
Chinese character recognition has been repeatedly demonstrated in a considerable 
number of studies and such phenomenon is independent of participants' dialect (e.g. 
Chen, et. al. 1995, Leck, et. al., 1995; Perfetti Zhang, 1991; Zhou, in press). On 
the other hand, the participants in the present experiment did not receive "pinyin" 
training before and, thus, phonological processing may be less salient among these 
subjects and the phonological effects observed may be relatively weaker. 
Materials. Thirty-six target characters were selected as experimental items. They 
had high occurrence frequencies and could be independently used as words. These 
target characters were fiirther divided into two categories: half of them had more 
than six homophones (at least one of these homophones was of high frequency) and 
the remaining half had only one homophone. For each target character, there were 
two corresponding prime characters: (a) a homophonic prime which shared the same 
pronunciation with the target character, and (b) a control prime which shared 
neither graphic, phonological, nor semantic properties with the target character. 
The homophonic primes and the control primes were matched in frequency and in 
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orthographic complexity (number of strokes) as closely as possible. In sum, there 
were four experimental conditions in the present experiment: 
1. High Homophonic Primes, each of which had more than six homophones 
other than the target character. 
2. Low Homophonic Primes; each of which had no homophone other than 
the target character. 
3. Controls for the high homophonic primes. 
4. Controls for the low homophonic primes. 
Phonological prime Control prime Target character 
High degree ^ pj^ 爱 
of homophony 猿 雁 鉛 
Low degree 投 沙 | f 
of homophony 塵 濃 陳 
Figure 4. Examples of target characters and primes. 
Procedure. Subjects were seated before a four-field tachistoscope on which the 
stimuli were presented. The tachistoscope was controlled by a Sigma PC80386 
computer. Each trial began with the presentation of a star ( * ) for one second. 
Subjects were instructed to look directly at the star and to get ready. The star was 
immediately replaced by a prime character which lasted for 100 msec. Subjects 
were told not to respond to this prime character and they were told that it was a 
"fixation point" only. The prime character was then inunediately replaced by a 
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target character which lasted for two seconds. Subjects were asked to read aloud 
the target character once it was presented. The latency between the target exposure 
and the initial vocalization of the subjects was recorded by a computer which was 
connected with a voice-key. Speed and accuracy were stressed in the instructions. 
The presentation duration (SOA) of the primes was set at 100 msec because 
previous research have showed that there may be very early phonological activation 
in Chinese character recognition. For example, Tan et.al. (1995) found a 
phonological effect with a backward mask of 40 msec while Perfetti & Zhang 
(1991) found a phonological effect in naming with a forward prime of 180 msec. 
Furthermore, in our pilot study, a reliable phonological priming effect was observed 
in a similar naming task when the presentation duration of the primes was set at 100 
msec but not at 200 msec and 300 msec. Therefore, it was set at 100 msec in the 
present experiment so that we could be in a better position to investigate the 
phonological effects and their relation with various response requirements. 
The session began with 10 practice trials. All of the practice target 
characters could be used independently as words. None of the practice prime 
characters were homophonic to the targets. Subjects were instructed to use these 
trials to practice responding as quickly as possible while being accurate. The 
practice trials were followed by 72 test trials where half of them were experimental 
trials and half of them were filler trials. In the experimental trials, eighteen of the 
prime characters shared the same pronunciation with the target characters while the 
other eighteen control prime characters shared no graphic, phonological nor 
semantic properties with the target characters. 
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The practice trials were presented in the same order to all subjects. The 
order of the experimental trials was randomized but fixed for all subjects. The 
entire experimental session lasted about 40 minutes. 
Results 
The mean RTs for correct naming responses and the average error rates for 
the character targets were calculated separately across subjects and items, and each 
data set was subjected to a separate analysis of variance. The mean naming 
latencies and error rates averaged over individuals for each of the four conditions 
are shown in Figure 5. 
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Figure 5. Mean RTs and error rates for different priming conditions. 
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The ANOVA test of the naming latencies indicated that a main effect of 
prime type (homophonic priming vs. control priming), significant in subject analysis 
F(1, 35) = 8.88，p < 0.01，but not in item analysis. The main effect of the degree 
of homophony (high homophony vs. low homophony) was significant in subject 
analysis, F(1, 35) = 14.17，p < 0.01, but not in item analysis. The interaction 
between prime type and degree of homophony was non-significant in subject 
analysis and in item analysis, indicating that varying the number of homophones a 
prime possessed did not create a differential priming effect in the RTs. However, 
the homophonic priming effect found in the low homophony condition tended to be 
stronger than that in the high homophony condition. The results for error rates 
showed no differences in all conditions. 
Experiment 2b (Categorization) 
Method 
Subjects. Thirty-five new participants from the Chinese University of Hong 
Kong took part in the experiment. All were native Cantonese speakers with normal 
or corrected-to-normal vision. 
Materials and Procedure. The stimuli were the same as in the previous 
experiment, except that each character target was paired with a category name. The 
procedure was very similar to the previous experiment. Each trial began with the 
presentation of a category name for three seconds. It was followed by a star ( * ) 
for one second. Subjects' instructions were to look directly at the star and prepare 
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for responding. The star was immediately replaced by a prime character which 
lasted for 100 msec. Subjects were told not to respond to this prime character and 
they were told that it was a "fixation point，，only. The prime character was then 
immediately replaced by a target character which lasted for two seconds. Subjects 
were asked to judge whether the target character belonged to the category by 
pressing keys on a response box. The latency between the target exposure and the 
response of the subjects was recorded by the computer, which was connected the 
response box. 
Category name Phonological prime Control prime Target character 
_ h degree g g 远 ^ ^ 
ofhomophony 金 屬 猿 雁 給 
L�wdegree~~身體一部份 g ^ M 
ofhomophony 姓 氏 麈 濃 陳 
Figure 6. Examples of category names, target characters and primes. 
Results 
The mean response latencies and error rates averaged over individuals for 
each of the four conditions are shown in Figure 7. The main effect of prime type 
was non-significant in the ANOVA test of the response latencies, indicating that 
there was no homophonic priming effect in semantic categorization. Moreover, the 
main effect of degree of homophony was non-significant. In addition, the 
interaction between prime type and degree of homophony was also non-significant, 
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indicating that varying the number of homophones a prime possessed did not create 
a differential priming effect in the RTs. As in the previous experiment, the results 
for error rates showed no differences in all conditions. 
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Figure 7. Mean RTs and error rates for different priming conditions. 
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Discussion 
The second set of experiments was conducted to examine the impacts of 
response requirement on the magnitude of phonological effects in Chinese character 
recognition. In Experiment 2a, subjects had to read aloud a set of target characters 
which were preceded by primes. This naming task required subjects to activate 
phonological information and a high degree of phonological involvement was 
expected. The results showed a facilitative phonological priming effect in the 
naming latencies (RTs) and the priming effect tended to be weaker when the target 
character had a large number of homophones. Possibly, activation of the 
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phonological representation also lead to the activation of the corresponding 
homophones and resulted in competitions among the homophones. Thus, the 
facilitation effect was attenuated. In Experiment 2b，we changed the response 
requirement by asking subjects to make a categorization judgment about the same 
set of target characters. In this categorization task, subjects had to access the 
semantic codes while the phonological information was useless in principle. The 
results showed that there was no phonological priming effect on the error rates and 
on the response times. The experimental procedures and the target materials 
employed in these two experiments were basically the same. The only difference 
was the type of representations required in giving correct responses, namely, 
phonological representation versus semantic representation. When the experimental 
procedure demanded the use of different types of representations, the magnitude of 
the phonological effects changed accordingly. Such results provide further support 
for the modified task dependent hypothesis, which suggests that variation in the 
response requirement may influence the degree of phonological involvement and the 
magnitude of the phonological effects. 
No phonological priming effect was found in the semantic categorization 
experiment (Experiment 2b) and it is tempting to conclude that no phonological 
processing takes place in such a paradigm. However, we should not directly reach 
such conclusion because there are still several possibilities: First, phonological 
representations are not activated in semantic tasks. Second, phonological 
representations are automatically activated, but have nothing to do with the task and 
therefore no phonological effect is observed in semantic task. Third, phonological 
representations are automatically activated, but the effects on semantic judgments 
Modified Task Dependent Hypothesis 
39 
were delayed. Fourth, the stimuli and procedure used in the second set of 
experiments were not sensitive enough in detecting the phonological effect on 
semantic judgment. 
To have a clearer picture concerning the role of phonological processing in 
semantic tasks, it is worthwhile to have a closer look of the above possibilities. The 
forward priming paradigm was the main experimental framework in the second set 
of experiments. In a typical forward priming experiment, a prime is presented for a 
short period of time and is immediately replaced by the target character. The 
properties of the primes are manipulated to see whether there is a particular kind of 
priming effect. One of the major advantages of such a paradigm is that it allows 
researchers to investigate the time course of the priming effects by manipulating the 
primes' SOA. At the same time, the priming effects may also be susceptible to 
changes in the primes' SOA and therefore one may find a specific priming effect 
with one SOA but not with another (see Neely, 1991 for a detail review and 
discussion). On the basis of such reasoning, we speculated that phonological effects 
may be observed with a different SOA and therefore we carried out the third set of 
experiments, Experiment 2c and 2d, to investigate whether there are any delayed 
phonological effects on semantic tasks. 
Experiments 2c and 2d 
-Testing the effects of response requirement (Cont.) 
Experiments 2c and 2d addressed whether there is any delayed phonological 
effect on semantic judgment. The forward priming paradigm was employed again 
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but the presentation duration of the primes was extended to 300 msec so that 
subjects could process the primes completely (the mean character reading time is 
about 300 msec in reading comprehension, see Chen, 1992). In Experiment 2c， 
subjects were asked to read aloud a set of target characters which were preceded by 
different primes. In Experiment 2d, we changed the response requirement by 
asking subjects to make a semantic judgment to the same set of target characters 
which were preceded by primes also. If the effects of phonological processing on 
semantic judgment is really delayed, then phonological effects should be observed in 
the semantic task in the present set of experiments. 
Experiment 2c (Naming) 
Method 
Participants. Thirty-six new participantsfrom the Chinese University of Hong 
Kong took part in the experiment. All were native Cantonese speakers with normal 
or corrected-to-normal vision. 
Design, materials, and procedure. The stimuli, design and apparatus were the 
same as in Experiment 2a and the same procedure as Experiment 2a was adopted, 
except that the exposure duration for the prime was extended to 300 msec. Subjects 
were asked to name aloud Chinese characters which were preceded by primes. 
Some of the primes were homophonic to the target and we examined whether there 
was homophonic priming effect under this situation. 
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Results 
The mean response latencies and error rates for each of the four conditions 
are shown in Figure 8. The main effect for prime type was non-significant in the 
ANOVA test of the response latencies. The main effect for degree of homophony 
was non-significant. The interaction between prime type and degree of homophony 
was also non-significant, indicating that varying the number of homophones a prime 
possessed did not create a differential priming effect in the RTs. Consistent with 
the response latencies, no significant differences were found in error rates in all 
conditions. 
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Figure 8. Mean RTs and error rates for different priming conditions. 
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Experiment 2d (Categorization) 
Method 
Participants. Thirty-six undergraduates from the Chinese University of Hong Kong 
participated in the experiment. All were native Cantonese speakers with normal or 
corrected-to-normal vision. 
Design, materials，and procedure. The stimuli, design, and apparatus were the 
same as in Experiment lb. The same procedure as Experiment lb was adopted, 
except that the exposure duration for the prime was extended to 300 msec. Subjects 
were asked to judge whether a target character belonged to certain category. The 
target characters were preceded by primes. Sometimes, the prime were homophonic 
to the target character and we examined whether there was homophonic priming 
effect in this situation. 
Results 
The mean response latencies and error rates averaged over individuals for 
each of the four conditions are shown in Figure 9. The main effect for prime type 
was marginally significant in subject analysis, F(1, 35) = 2.88，p = 0.09，but not 
for item analysis. The main effect for degree of homophony was non-significant. 
Although the interaction between prime type and degree of homophony was non-
significant, planned comparison suggested a negative homophonic priming effect 
when the prime had a large number of homophones, t (1，35) = 2.31, p < 0.05 in 
subject analysis. This suggested that varying the number of homophone a prime 
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possessed create a differential priming effect. As in the previous experiments, the 
results for error rates showed no difference in all conditions. 
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Figure 9. Mean RTs and error rates for different priming conditions. 
Discussion 
The present set of experiments was carried out to investigate whether the 
effects of phonological processing on semantic judgments were delayed. The 
forward priming paradigm was employed again and the presentation duration of the 
primes was extended from 100ms to 300ms. With the same set of materials and 
experimental procedure of the previous experiments, subjects were asked to read 
aloud a set of target characters in Experiment 2c and they were asked to make 
semantic responses to the same materials in Experiment 2d. Because the 
presentation duration of the primes was extended, subjects had more time in 
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processing the primes and therefore any delay effect of phonological processing 
should have been observed. 
In the naming experiment, no phonological priming effect was observed. In 
addition, varying the degree of homophony did not create any differential priming 
effect. These results suggest that there is very early phonological activation and the 
effect of phonological processing quickly disappeared when we extended the primes' 
presentation duration from 100ms to 300ms in this naming task. These findings 
were in line with the results obtained by Tan and his colleagues (1995). In their 
study, the backward masking paradigm was employed and phonological effects were 
observed only when presentation duration of the masks was very short (60ms for the 
targets and 40ms for the masks). Taken altogether, these convergent results 
suggested that phonological representations may be activated very early in some 
tasks. 
Although the phonological representations are activated very early in some 
tasks, their effect on semantic judgments is delayed. A phonological effect was 
found in the semantic categorization task only when the presentation duration of the 
primes was extended to 300ms，but not when it was set at lOOms. The results 
showed a negative homophonic priming effect on the categorization response times, 
when the homophonic primes had many homophones. 
In sum, these findings were in line with the argument that the phonological 
representation is activated very early during the identification of Chinese characters. 
In the task of naming, this early phonological activation facilitates subjects' 
responses because the task demands the use of phonology. In semantic 
categorization, it is likely that phonological representation is also activated very 
Modified Task Dependent Hypothesis 
45 
early. However, at short SOA, only the phonological representations are activated 
and therefore there is no effect on semantic judgment. With longer SOA, the 
phonological representation and their corresponding semantic nodes will be 
activated. The semantic activation will then affect the categorization responses. 
When the character has a large number of homophones, all those homophones' 
semantic codes will be activated and this will result in a keen competition among the 
correct candidate and its large number of homophones. As a result, the responses 
will be slowed down and an interference effect will be observed. 
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Figure 10. The Phonological Route in Chinese Character Recognition. 
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General Discussion 
The present study addressed to what extent phonological information is 
involved in Chinese character recognition. This issue is perhaps the most 
extensively investigated issue in the study of Chinese language processing. 
Different theoretical positions have been held: Some have argued that phonological 
involvement is inevitable while some have argued that the use of phonological 
information is dependent on specific task demand (e.g. Perfetti & Zhang，1991， 
1995; Chen et. al., 1995). In search of the answer, different experimental 
paradigms were employed but convergent results were seldom obtained. 
Phonological effects were found in some studies but not in others (e.g. Cheng, 
1992; Zhou, in press). Worse still, different results were obtained even when the 
same experimental paradigm was employed. To account for these findings and to 
have an in-depth understanding of the role of phonological information in Chinese 
Character recognition, a different theoretical framework is needed. 
In the present study, we introduce the Modified Task Dependent Hypothesis 
and carried out a series of experiments to examine its applicability in helping us to 
understand the role of phonological processing in Chinese character recognition. 
This modified hypothesis is a continuation of the previous one and it also assumes 
that the extent to which phonological processing is involved in Chinese character 
recognition is subject to variation in the cognitive demands imposed by different 
experimental procedures. However, the modified hypothesis is more specific in 
delineating the effects of different components in an experimental procedure. 
Stimulus environment and response requirement are said to be the major 
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components of an experimental procedure and variation in these components may 
exert different cognitive demands on the subjects, influence the degree of 
phonological involvement and affect the magnitude of the phonological effects. 
The Effects of Stimulus Environment 
Stimulus environment refers to the manner by which stimuli are presented 
and the amount of stimuli presented in each experimental trial. In the first set of 
experiments, we examined the influence of stimulus environment on the magnitude 
of the phonological effects by manipulating the amount of information given to the 
subjects in a semantic categorization task. The results suggest that variation in the 
amount of target information can affect the degree of phonological involvement and 
the magnitude of the phonological effects. In Experiment la, subjects were asked to 
make semantic judgment to one single character. The loading on working memory 
was low and the results showed a phonological effect on the false positive rate (error 
rate) but not on the response times. In Experiment 2b, we increased the loading on 
working memory by asking subjects to make semantic judgment to two 
simultaneously presented character, and phonological effects were found on both 
error rates and responses times. The only difference between the two experiments 
was the amount of target information given to the subjects. A phonological effect 
was shown on error rates only when the stimulus environment provided less 
information while phonological effects could be found on both error rates and 
response time when more target information was presented simultaneously. Taken 
together, these findings support the claim that variation in the stimulus environment 
will influence the degree of phonological involvement and the magnitude of the 
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phonological effects. In fact, such a conclusion is consistent with the majority of 
research findings which examined the role of phonological processing in Chinese 
character recognition. In the literature, phonological effects were very often 
reported in experiments which imposed relatively heavy cognitive demands on the 
readers either by presenting a large amount of target information or by presenting 
the stimuli with a very short exposure duration in the experimental procedure. For 
instance, phonological effects were found in the synonym detection task which 
required subjects to make semantic decision to two Chinese characters (Perfetti & 
Zhang, 1995). Also, phonological effects were also observed in the backward 
masking paradigm, in which the presentation duration of the target and the mask 
was 60ms and 40ms respectively (Tan et. al., 1995). Because these experimental 
procedures place heavy cognitive demands on the readers and encourage the reliance 
on working memory, phonological codes may be activated so as to promote better 
retention and it is not surprising to find phonological effects in such circumstances. 
The Effects of Response Requirement 
The response requirement refers to the type of representations required in 
making a response in an experiment. In the second set of experiments, we examine 
the influence of response requirements on the magnitude of the phonological effects 
by manipulating the task demand of an experiment. The results showed that 
changing the response requirement from a naming to categorization judgment will 
affect the degree of phonological involvement and the magnitude of the 
phonological effects. In Experiment 2a, subjects were asked to read aloud a set of 
target characters and a phonological priming effect was found in the naming 
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latencies. In Experiment 2b, we changed the task demand by asking subjects to 
make semantic judgment to the same set of target characters but no phonological 
priming effect was found in the results. The only difference between the naming 
experiment and the categorization experiment was the response requirement but very 
different results were obtained. A phonological effect was only found when the task 
demanded the use of phonological information. At the same time, we found that 
phonological representations were also activated automatically in semantic tasks but 
their effects on semantic judgment was delayed. When we extended the 
presentation duration of the primes from 100ms to 300ms in Experiment 2d，a 
marginal negative phonological priming effect was found when the primes had many 
homophones. 
In sum, these results were in line with the modified task dependent 
hypothesis which suggests that variation in the response requirement will affect the 
magnitude of the phonological effects: when the experimental procedure demanded 
the use of phonological information, very early phonological effects were found; 
when the procedure did not demand the use of phonological information, delayed 
and marginal phonological effects were observed. Such a conclusion is consistent 
with a substantial amount of existing findings. In the literature, phonological effects 
were more likely to be found when the experimental procedure encouraged the use 
of phonological information but not otherwise. For example, phonological effects 
were observed in the naming experiments (Perfetti & Zhang，1991; Zhou, in press) 
while no persistent phonological effect was found in the lexical decision experiments 
(Zhou, in press) and in the categorization experiments (Chen et. al., 1995). This 
convergent evidence provide a further support for the claim that response 
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requirement of an experiment is related to the magnitude of the phonological 
effects. 
In summary, the Modified Task Dependent Hypothesis asserts that variations 
in the stimulus environment and in the response requirement of an experiment will 
influence the magnitude of the phonological effects and the results of the present 
study have provided support for this claim. In light of this new evidence, it may be 
appropriate for us to re-evaluate the role of phonological processing in reading 
Chinese. 
The Role of Phonological Processing in Reading Chinese 
In studying the role of phonology in reading Chinese, many researchers were 
interested in whether phonological activation is automatic in Chinese character 
recognition and this issue has been treated as an all-or-none question for many 
years. Researchers were eager to demonstrate the existence of phonological effects 
in the traditional tasks and further claim that phonological processing is a universal 
feature of written language processing (e.g. Perfetti & Zhang，1991，1995). 
However, different results were obtained even when similar experimental paradigms 
were employed. These inconsistent results cast serious doubt on such a research 
direction and a different framework is needed to integrate the existing findings. In 
the present study, we introduced the modified task dependent hypothesis and 
suggested that variation in the stimulus environment and response requirement can 
influence the magnitude of the phonological effects. Our results provided support 
for this hypothesis and suggested that the involvement of phonological processing is 
a matter of degree of involvement, but not an all-or-none question. Differential 
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degree of phonological involvement in different tasks also implies that phonological 
processing may occur at different stages of the reading process. Phonological 
involvement in different processing stages may serve different functions and have 
different importance. 
In the character recognition process, phonological activation may act as a 
way station between the orthographic representation and the semantic 
representation. The activation of the orthographic codes will lead to the activation 
of the phonological codes, which in tum leads to the activation of the corresponding 
semantic codes. This path is also called "The Phonological Route". The 
information being carried in the phonological route is relatively unclear because 
Chinese characters typically have many homophones. The activation of the 
phonological representation will also lead to the activation of the corresponding 
semantic codes. If there are many homophones, then all those homophones' 
semantic codes will be activated and this will result in a keen competition among the 
correct candidate and its large amount of homophones. As a result, a negative 
phonological priming effect was found in our semantic categorization experiment 
(Experiment 2d) especially when the primes had many homophones. Although the 
phonological route is relatively "nosier", the direct access route is not. Chinese 
characters are logographic in nature and their visual configuration is a very 
important cue in the identification process (Chen, 1992). In fact, our results also 
showed that the direct visual route is more prominent than the phonological route. 
In our categorization experiment, subjects sometimes misidentified a graphic foil as 
a category exemplar and the false positive rate was 17%, which was much higher 
than the 9% for the homophone foils (Experiment la). On the basis of this 
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convergent evidences, it seems that the phonological route plays a less important 
role in the access of semantic information, especially when compared with the direct 
access route. 
Phonological processing may occur after semantic access and may facilitate 
the retention of information in working memory. Previous research has 
demonstrated that phonological codes are less vulnerable to decay and interference 
in the working memory (see Baddeley, 1980; Gathercole & Baddeley，1993). 
Therefore, phonological representation may be activated in working memory for the 
purpose of better retention. In Experiment lb, we increased the load on the 
working memory by presenting two target characters to subjects simultaneously. 
Subjects were asked to make semantic judgments to the target pairs and 
phonological effects were observed in the response times and error rates. These 
results indicate that phonological information is activated in the working memory. 
Similar effects were obtained in other studies in the literature. For instance, Zhang 
and Perfetti (1993) found that subjects took a longer time to read texts with repeated 
initial phonemes than to read the control texts while similar results have been 
reported in other studies (see Hung & Tzeng，1981 for review), and it seems that 
phonological activation plays a more important role in better retention in working 
memory and in facilitating the comprehension processes. 
Limitations 
Although the results of the present study provide support for the modified 
task dependent hypothesis, there still exists some limitations which warrant cautions 
Modified Task Dependent Hypothesis 
53 
in the interpretation of the results. In Experiments la and lb, we manipulated the 
amount of information in the stimulus environment by increasing the number of 
target characters presented to subjects. This manipulation was assumed to raise the 
loading on working memory because subjects had to retain information of two target 
characters. However, such manipulation might at the same time increase the 
complexity of the decision making processes: when there was one target character, 
subjects only needed to judge whether the character belonged to the category and 
there were only two possibilities ~ either “yes，，or "no"; when there were two 
target characters, subjects had to judge whether both of the characters belonged to 
the category and there were four possibilities ~ "yes, yes，，，"yes, no" ， " n o , 
yes", and "no, no". Subjects had to differentiate these possibilities and this might 
increase the complexity of the decision making processes. Therefore, the above 
manipulation could not delineate the pure effect of working memory loading and 
further study on this issue is needed. 
In addition, the phonological effects observed in Experiments 2a，2b，2c and 
2d were weaker than those obtained in Experiments la and lb. One possible reason 
may be that the participants in the second set of experiments were Cantonese 
speakers, not Mandarin speakers. Cantonese speakers in Hong Kong did not receive 
any "pinyin" training before. Thus, phonological processing may be less prominent 
among these readers and therefore the phonological effects observed tended to be 
weaker. The present study did not aim to examine the influence of "pinyin" 
training and other dialectal differences and therefore there was no systematic 
examination of these issues. However, future studies on these topics may bring us a 
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more in-depth understanding of phonological processing in Chinese character 
recognition, especially on the developmental and educational aspects ofthe issue. 
Conclusion 
In summary, we conclude that variation in the stimulus environment and the 
response requirement can influence the magnitude of the phonological effects and 
therefore phonological processing in reading Chinese is a matter of degree of 
involvement but not an all-or-none question. In the access of semantic information, 
the phonological route is relatively less informative because Chinese characters 
typically have a large number of homophones. However, phonological activation 
plays a very important role in improving retention in working memory and 
facilitates the comprehension processes. 
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